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We analyzed the electron neutrino data of the GaUium radioactive source experiments and the electron an- 
tineutrino data of the reactor Bugey and Chooz experiments in terms of neutrino oscillations. We found a hint 
of a CPT-violating asymmetry of the effective neutrino and antineutrino mixing angles. 



The GALLEX and SAGE radioactive source 
experiments revealed a disappearance of electron 
neutrinos with energy E of the order of 1 MeV at 
a distance L of the order of 1 m which could be 
due to short-baseline oscillations 

We considered the effective short-baseline 
(SBL) electron neutrino survival probability 



P^^^-^i.^ (L, E) ^ 1 -sin^ sin^ 



(1) 



where -du is the effective neutrino mixing angle 
and AtoJ is the effective neutrino squared-mass 
difference. We found the best-fit values 8 

sin^ 2i9^^bf = 0.46 , Am^ 2.24 eV^ (2) 

Figure [T] shows the allowed regions in the 
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Ami plane and the marginal A^^ = 
Xnjin's, from which one can infer the uncor- 



related allowed intervals of sin^ and Am^. 

Considering antineutrinos, a fit of the data of 
the Bugey and Chooz reactor antineutrino experi- 
ments in terms of the effective short-baseline elec- 
tron antineutrino survival probability 



pl^j:,(L,E) = i- 



■2d„ 



Am?L 
AE 



(3) 



where i^p is the effective antineutrino mixing an- 
gle and Am? is the effective antineutrino squared- 
mass difference, gives the best-fit values [6] 



Figure [2] shows the allowed regions in the 
sin^ 2i?p-Am? plane and the marginal Ax^'s, ob- 
tained taking into account also the constraints on 
the mixing given by the results of the Mainz and 
Troitsk Tritium /3-decay experiments |6j. 

CPT symmetry implies that the survival prob- 
abilities of neutrinos and antineutrinos are equal 
(see Ref. [10]), i.e. sin^ 2??^, sin^ 2?9p and 
Ami = Am?. Figs. [U and show that s\T?2d^ 
is likely to be larger than about 0.1, whereas 
sin^ 219^ is likely to be smaller than about 0.1. 
The incompatibility of neutrino and antineutrino 
data in the case of CPT symmetry is quantified by 
a 0.2% parameter goodness-of-fit Hence, we 
have a hint of CPT violation in short-baseline Ve 
and Vf. disappearance which could be complemen- 
tary to that found recently in the MINOS long- 
baseline and disappearance experiment |TT| . 

Analyzing the Gallium data and the reactor 
plus Tritium data in terms of the CPT mass and 
mixing asymmetries 



^CPT _ A 2 _ A 2 

^?^^2-a = sin^ 2i9^ - sin^ 2i?p , 
we obtained the best-fit values [5] 



(5) 
(6) 



sin^ 2i?p,bf = 0.042 , A^ 



■,bf 



= 1.85 eV^ . (4) 



(^s'i.72 Jbf = 0.42 , (AZ^. )m = 0.37 eV^ . (7) 

The allowed regions in the ^2n2^2i3~^Am2 plane 
are shown in Fig. [3l We used a logarithmic 
scale for A'~i^^„ „ , considering only the interval 
10^^ < A.2„ „ < 1 which contains all the allowed 
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Figure 1. Results of the fit of the data of the 
Gallium radioactive source experiments [8,. The 
best-fit point is indicated by a cross. 



Figure 2. Results of the fit of the data of reactor 
and Tritium /3-decay experiments [6]. The best- 
fit point is indicated by a cross. 



regions. For A^^2 we used an antisymmetric log- 
arithmic scale, which allows us to show both pos- 
itive and negative values of , enlarging the 
region of small values of ^^^"2 between 0.1 and 1 
eV2. 

The best-fit value (A2^)bf of the mass asym- 
metry is small, but Fig. [3] shows that in prac- 
tice any value of the mass asymmetry is allowed, 
with a slight preference for positive values. On 
the other hand, we obtain a very interesting re- 
sult for the mixing asymmetry: the best-fit value 
(^sin22i5)bf large and positive and Fig. |3] shows 
that zero or negative values are disfavored. 

From Fig. |3] one can see that the smallest 
value of A'^.^^„ „ included in the 3a allowed re- 
gion is about 0.005 at A^pt ^ _0.15eV^ How- 
ever, since in practice ^^^t^ is not bounded, the 
statistically reliable limits on ^^^2'2^ are given 
by the marginal Ax^ = ~ Xmin function for 
A^^X^ depicted in Fig. S) One can see that 
^^"^2,0 > 0.055 at 3(7. 



The marginal Ax^ of a null asymmetry 
(y4.^^2^2ij — 0) is 12.0, with an associated p-value 
of 0.05%. Hence, there is an indication of a posi- 
tive asymmetry ^^^^2^^215 ^ level of about 3.5a. 

The indication in favor of a CPT asymmetry 
that we have found is robust, because it is ob- 
tained by confronting the observations on the dis- 
appearance of electron neutrino and antineutrino, 
which should be equal if the CPT symmetry is 
not violated. We considered the simplest case of 
a difference of the effective squared-masses and 
mixings of neutrinos and antineutrinos. The anal- 
ysis of the data in the framework of other, more 
complicated, models would lead to a similar indi- 
cation of a CPT asymmetry in the space of the 
parameters of the specific model under consider- 
ation. 

The short-baseline disappearance of electron 
neutrinos can be tested in the future not only 
with new Gallium radioactive source experiments, 
but also with accelerator experiments with a well- 
known flux of electron neutrinos, as discussed in 
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(Ga), + (Re+'H), 

- - 68.27% C.L.(1<J) 
• ■ 90.00% C.L. 

- 95.45% C.L. (20) 

— 99.00% C.L. 

— 99.73% C.L. (3<J) 




Figure 3. Allowed regions in the J^si^l2^-A'^^2 
plane [9]. The best-fit point is shown by a cross. 



Ref. [B]. For the investigation of the CPT asym- 
metry, the ideal experiments are those which can 
measure the disappearance of both electron neu- 
trinos and antineutrinos, with sources which emit 
well-known neutrino and antineutrino fluxes and 
detection processes with well-known cross sec- 
tions. Experiments of this type are near-detector 
beta-beam [T^ and neutrino factory [T3] exper- 
iments, which are under study but may require 
a long time to be realized. In a shorter time 
it may be possible to perform dedicated experi- 
ments with intense artificial radioactive sources of 
electron neutrinos and antineutrinos placed near 
a neutrino elastic scattering detector with a low 
energy threshold, as Borexino [MlllSj . 
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